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A series of poly (vinyl) alcohol/gelatin copolymer (PVA/Gel) with different entrapped
carotene (Carot) concentration into the films has been devised. The films were irradiated
with g-rays at dose levels of 10, 50, 100, 150 and 250 kGy. The crystalline and chemical
structures of the samples have been studied using XRD and FTIR techniques. The direct
current electrical conductivity (sDC) has been determined from the proposed sampling
before and after gamma exposure. It is clearly demonstrated that the electrical conduc-
tivity of PVA/Gel/Carot films was increased from two to three orders of magnitude due to
carotene doping, and decreased one order of magnitude due to gamma radiation. The
obtained results can be attributed to the existence of the conjugated double bonds in the
aliphatic side chain of the carotene molecule. Thus, this work suggests the possibility of
the use of the gamma irradiated PVA/Gel/Carot films in different electronic applications.
Copyright ª 2014, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved.1. Introduction
Electrochemical methods of energy storage and conversion
are of great interest formany practical applications. There has(S. Lotfy), yahaa64@yaho
ptian Society of Radiatio
sevier
iety of Radiation Sciencesbeen an ever increasing demand for portable batteries used in
electronic devices. The focus has been on relatively low-cost
and environmentally friendly electrode materials and elec-
trolytes used in batteries and fuel cells. Therefore, much
research has been devoted to work on electrodes ando.com (Y.H.A. Fawzy).
n Sciences and Applications
and Applications. Production and hosting by Elsevier B.V. All rights
Fig. 1 e Chemical structures of b-carotene.
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tions (Kang & Ceder, 2009).
Poly (vinyl alcohol) is the only known carbonecarbon
backbone polymer which is biodegradable under both aerobic
and anaerobic conditions. It has recently gained increasing
attention both as a water-soluble biodegradable polymer and
as a biodegradable segment in the polymer chain to be applied
in a wide range of applications (Matsumura, Tomizawa, Toki,
Nishikawa, & Toshima, 1999).
PVA is an exceptional polymer and a potential material
having a high dielectric strength, a good charge storage ca-
pacity and doping-dependent electrical and optical properties
(Vassal, Salmon, & Fauvarque, 2000). The hydroxyl groups
present in its main backbone are responsible for the strong
intra- and intermolecular hydrogen bonds, endowing PVOH
with many good properties, such as high tensile strength,
excellent adhesive properties, abrasion resistance, chemical
resistance and gas barrier properties (Chen, Li, & Wang, 2007;
Dorigato & Pegoretti, 2012). It is easy to prepare PVA than
modifying polyacetylene itself because in contrast to poly-
acetylene, PVA is soluble in different solvents and able to
complexion with many substances (Hirankumar,
Selvasekarapandian, Bhuvaneswari, Baskaran, &
Vijayakumar, 2004; Linford, 1988). PVA has been studied
extensively due to its applications in electrochromic devices,
sensors and fuel cells.
Another natural polymer selected for investigation in this
work is gelatin (Gel). It is fibrous protein collagen derivative
and natural biodegradable polymer. Owing to its great
biocompatibility and biodegradability, the gel is widely used
as a drug carrier (Dong, Wang, & Du, 2006). Moreover, it is a
low-cost production material. In the last 10 years, it has been
used as biomaterial for tissue engineering. Gelatin forms an
aqueous film used as an ideal delivery system for a wide range
ofmedicines and food supplements in a convenient and stable
form. In addition, recent studies have shown that gelatin-
based films with various additives have good potential for
applications in a number of integrated optical devices such as
holographic recording materials. It is also applied in other
fields such as controlled drug release, wound dressing, and
health caring devices (Chatellier, Durand, & Emery, 1985;
Iwamoto, Kumagai, Hayashi, & Miyawaki, 1999). The gelatin
can be used by itself or blended with other polymers (Lien, Ko,
& Huang, 2010).
Carotenoids are responsible for many of the red, orange,
and yellow hues of plant leaves, fruits, and flowers, as well as
the colors of some birds, insects, fish, and crustaceans due to
the absorption of light by carotenoids. The optical properties
of carotenoids arise from electronic states which are delo-
calized over a chain of some twenty carbon atoms connected
by alternating single and double bonds (Kuz’mitskii, 1990).
Some familiar examples of carotenoid coloration are the or-
anges of carrots and citrus fruits, the reds of peppers and to-
matoes, and the pinks of flamingoes and salmon (Pfander,
1992). Some 600 different carotenoids are known to occur
naturally, and new carotenoids continue to be identified (Ong
& Tee, 1992). Carotenoids are defined by their chemical
structure. The majority of carotenoids are derived from a 40-
carbon polyene chain, which could be considered the back-
bone of the molecule. This chain may be terminated by cyclicend groups (rings) and may be complemented with oxygen-
containing functional groups. The hydrocarbon carotenoids
are known as carotenes,while oxygenated derivatives of these
hydrocarbons are known as xanthophylls. Beta-carotene, the
principal carotenoid in carrots, is a familiar carotene, while
lutein, the major yellow pigment of marigold petals, is a
common xanthophyll.
Taylor W.H. and Kristallogr Z., 1937 were the first to study
single crystals of b-carotene. Chemical evidence has shown
C40H56 (all-trans b-carotene) is a planar, all-trans polyene
chain. It is characterized by a set of conjugated double bonds
with attached methyl groups, terminated with two b-ionone
carbon rings and also with attached methyl groups and sym-
metric with respect to its center (Baro, Hla, & Rieder, 2003).
Fig. 1 shows Chemical structures of b-Carotene. Carotene is
extracted from fresh leaves of Acalypha wilkesiana (syn. Aca-
lypha amentacea; Acalypha tricolor) which grows as a spreading
evergreen shrub with upright branches that tend to originate
near the base. It can get up to 3.1e5 m tall with a similar
spread. It is a native of tropical Asia that has been introduced
to many tropical countries. Many cultivars are available with
different leaf forms and colors. A. wilkesiana “marginata” has
coppery leaves with pink or crimson margins. A. wilkesiana is
used as painkillers, for naso-pharyngeal infections, antibiotic,
bacteriostatic, and fungistatic (Burkill, 1985).
Carotenes are organic molecules with large, delocalized ð-
electron systems (Joachim & Roth, 1997). The typical natural
molecular conductor of this type is the carotenoid polyene.
The distinctive pattern of alternating single and double bonds
in the polyene backbone of carotenoids helps them to absorb
excess energy from other molecules, while the nature of the
specific end groups on carotenoids may influence their po-
larity (Britton, Liaaen-Jensen, & Pfander, 1995). Comparing
carotenoids with saturated hydrocarbons, carotenoids are
excellent conductors of electrons facilitating even measure-
ments of the electrical properties of individual molecules in
an insulating matrix. Carotenoids are likely to assemble on
surfaces or at interfaces if suitable functional groups affect
the binding forces to one or both of these phases. Electrical
conductivity of carotenoids is due to their rod-like molecular
shape and conjugate C]C double bonds (George, Liaaen-
Jensen, & Pfander 2008).
Natural polymers are particularly interesting due to their
wide abundance in nature, very low cost and in particular to
their biodegradation properties. For these reasons, different
solid polymeric electrolytes have been obtained using cellu-
lose derivatives, starch, chitosan and rubber. In the present
work, different compositions of PVA/gelatin copolymer were
prepared. This study is a trial to improve the electrical per-
formance of such copolymer by doping it with carotene. The
structure of the resultant (PVA/Gel/Carot) films has been
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constant and loss of the samples have been determined.
Furthermore, the study is extended to investigate the effect of
gamma irradiation on the structure and the electrical prop-
erties of the proposed samples in the dose range up to 250 kGy.2. Materials and methods
2.1. Materials
PVA powder had an average molecular weight of 14,000 g/mol
supplied by S. D. fine-Chem. Ltd. Boisar Laboratory. Gelatin
(Beef edible gelatin with Gel strength 220, bloommoisture 12%
and free from pathogenic micro-organisms) supplied by El
Nasr Company for Gelatin, Alexandria, Egypt. Carotene was
extracted from fresh leaves of A. wilkesiana.
2.1.1. Plant materials
The fresh leaves of A. wilkesiana were collected from the pre-
mises of the NCRRT and were identified and authenticated as
A. wilkesiana.
2.1.2. Extraction
Carotene was extracted from fresh A. wilkesiana based on the
method described in (Abdel Hafez, 1980). Enough fresh leaves
to yield approximately 2 kg of dried material were dehydrated
at 50e60 C for 24 h. The dried material was ground and the
powder steeped in 1 l of 90% alcohol and kept standing with
occasional shaking for 24 h. The solution was filtered to
separate of green and yellow pigments thatwere noted as they
spread. After filtering the extract, the leaf powderwas washed
with an added 90% alcohol until the washings ran almost
colorless. The combined extract and washing were filtered
and the concentrated to 250 ml, then petroleum ether was
added andmixed to double its volume. Following to this, 25ml
of distilled water was running, the mix was shook vigorously,
then allowed to stand the yellow pigments (carotene) remain
in alcohol. The green pigments went into the petroleum ether.
Using the separator funnel, the carotene was collected and
dried in order to be used.
2.2. Copolymer films preparation
(PVA/Gel/Carot) copolymer films of about 2 mm thickness
have been prepared. A set of polyvinyl alcohol/gelatin
composition was prepared before introducing different
concentrations of carotene pigment in the ethyl alcohol so-
lution into different copolymer composition and mixed up
with an ether evaporation solution to obtain films with
different concentrations of carotene. The adopted carotene
concentration was about 1e30% w/w. The films have been
obtained by casting the solution onto a glass Petri dish fol-
lowed by drying in air for one week in an oven regulated at
50 C to remove the solvent traces. The films were exposed to
g radiation from a Co-60 source at a dose rate about 5.5 kGy/h
using a g-cell available in NCRRT, AEA, Cairo, Egypt. The
irradiation process was performed in air, at room tempera-
ture, where a cooling system was used in the irradiation
chamber to avoid heating of the samples during irradiation.The samples were irradiated by g-rays in the range from 10 to
250 kGy.
2.3. Characterization
2.3.1. XRD measurements
A Shimadzu powder X-ray diffractometer working in reflec-
tion geometry was used in the present work. The device,
working at 40 kV and 30 mA, uses a Cu anode to produce an
8.047 keV highly collimated X-ray beam. Scattering angles
from 2 (up to 90) were scanned with a scan rate 8/min. The
systematic error for XRD measurements was found to be
about 5%.
2.3.2. FTIR measurements
Analysis by an IR Spectrophotometer was carried out using
Jasco Fourier Transform Infrared Spectrophotometer, Japan.
The measurement was carried out in the region of wave
number 4000e400 cm1 keeping air as a reference. Analysis by
UV spectrophotometer was carried out in the range from 190
to 900 A using Spectrophotometer Jasco Japan.
2.3.3. TGA measurements
Perkin Elmer series-7 thermal analysis system was used for
conducting the TGA. The nitrogen gas flow was kept at a
constant rate of about 20ml/min to prevent thermal oxidation
processes of the polymer. The heating rate was 10 C min1
from ambient temperature up to 600 C.
2.4. Electrical measurements
The electrical measurements of all films were performed
using a locally designed electrical circuit (Abdel-Hamid,
Radwan, & Ashour, 2002). An air drying type of silver paste
was applied to the opposite surfaces of polymer samples in
a sandwich configuration to ensure good electrical contacts.
A Keithley digital electrometer, type 6517 A, USA was used
for the determination of the DC resistance of the samples,
with resistance accuracy ranging from 1% to 3%.3. Results and discussion
3.1. XRD measurements
The X-ray diffraction (XRD) scans of the blank PVA, unir-
radiated and irradiated (PVA/Gel/Carot) films are shown in
Fig. 2. The observed spectra reveal a semicrystalline
feature.
It is important to note that there are two halos cited at 19.5
and 40.5 characteristic of PVA (Tawansi, El-Khodary, &
Abdelnaby, 2005). The first one has a clear crystalline peak at a
diffraction angle 2q ¼ 20.04 which corresponds to a (101)
spacing. The intensity of the diffraction peak is a resulted of
the number of PVA chains packing together. The second halo
has a low intensity and broad shape which corresponds to
noncrystalline zones within the crystalline polymeric matrix
(Badr & Mahmoud, 2006). It is obvious from the XRD pattern
that the diffraction peak at 2q ¼ 19.5 revealed a clear crys-
talline peak of maximum intensity, implying the more
Table 1 e The crystallite size (L), full width at half
maximum (FWHM), diffraction angle 2q for unirradiated
and gamma irradiated copolymer composition (PVA/Gel/
Carot) as functions of irradiation dose.
Dose (kGy) 2q () FWHM (degree) L (A)
0 19.40 2.34 3.83
10 19.2 2.64 3.40
50 19.14 2.30 3.90
100 19.23 2.41 3.72
250 19.42 2.56 3.5
Fig. 3 e FTIR spectra for blank PVA, carotene unirradiated
and gamma irradiated copolymer composition (PVA/Gel/
Carot) as functions of irradiation dose.
Fig. 2 e XRD spectra for unirradiated blank PVA and
gamma irradiated copolymer composition (PVA/Gel/Carot)
as functions of irradiation dose.
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trix. On the other hand, no significant effect of gamma irra-
diation noticed on either the intensity of the diffraction peak
or on its full width at half maximum (FWHM). It was observed
that the addition of carotene has no effect on the crystal type
of the film,whichmeans that the carotene has been uniformly
distributed inside the host polymer. Also, it is clear that no
peaks were observed corresponding to the carotene. The
average crystallite size (L) of the unirradiated blank PVA and
gamma irradiated copolymer composition (PVA/Gel/Carot)
can be calculated from the following well-known Scherrer’s
Formula (Radwan, 2007) as:
L ¼ Kl=b cos q
Taylor W.H. and Kristallogr Z., 1937 were the first to study
single crystals of b-carotene, where l is the wavelength of the
X-ray beam (in our case l ¼ 0.15425 nm of CuKa1), q is the
corresponding Bragg angle and K is Scherrer constant, b is
FWHM of the diffraction line in radian and K is a constant
approximately equal to unity and related to the crystallite
shape. The crystallite size value was found to be 3.83 nm for
blank PVA, while its value slightly increased up to 3.83 nm for
the unirradiated PVA/Carot sample, Table 1. The semi-
crystalline nature of PVA has resulted from the strong inter-
molecular interaction among PVA chains through hydrogen
bonding. The addition of carotene to PVA leads to a decrease
in the intermolecular interaction between chains and thus to
a decrease in the degree of crystallinity (Hong, Chen, & Wu,
1998). Meanwhile, the gamma irradiation of (PVA/Gel/Carot)
samples resulted in no significant changes in the crystallite
size (within 1  0.5 nm).3.2. FTIR spectroscopy
Fourier Transform Infra Red (FTIR) spectra, which confirm
structural information such as molecular orientation, were
measured for the blank PVA, Carotene, unirradiated and g-
rays irradiated (PVA/Gel/Carot) copolymer composition at
dose levels from 10 up to 250 kGy. Fig. 3 shows that the
spectrum of control PVA film has two main characteristic
absorption peaks. The first is a distinct broad absorption band
at 3400e3600 cm1 which is attributed to stretching of the OH
Fig. 4 e Thermal stability of the copolymer composition
illustrated by TGA curves measured under a nitrogen
atmosphere.
Fig. 5 e Thermal stability of the copolymer composition
illustrated by DTG curves measured under a nitrogen
atmosphere.
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is a sharp band at 2900 cm1 corresponding to asymmetric and
symmetric stretching of the CH; 1430 of CH2 bending, the ab-
sorption band at 1100 cm1 is due to CeC and CeO stretching
modes (Silverstein, Bassler, & Morrill, 1991). The bands at 2922
and 2850 cm1 of Carotene are assigned to CH2 antisymmetric
and symmetric stretching modes of the hydrocarbon chains,
respectively. It is well known that the hydrocarbon chains are
highly ordered in all trans-zigzag conformation when the
frequencies of the CH2 antisymmetric (w2920 cm
1) and
symmetric (w2850 cm1) are in stretching modes (Katayama,
Ozaki, Araki, & Iriyama, 1991).
In the case of gelatin, the FTIR spectra possess strong ab-
sorption bands at 1645 and 1555 cm1, corresponding to the
amide I and amide II peaks, respectively. This result provides
evidence that the irradiation treatment has little, if any, effect
on gelatin structure inside the copolymer which may indicate
that the PVA/gel copolymer is stable (Vinetsky & Magdassi,
1998). When blended polymers are thermodynamically
compatible and intermolecular interactions prevail, the
resultant FTIR spectra of the blends differ from those of the
constituent polymers. Conversely, blends of two incompatible
(phase- separated) polymers yield FTIR spectra in which the
spectra of the two polymers are superimposed in agreement
with Gil, Spontak, and Hudson (2005).
The infrared spectrum of carotene is expected to show the
peaks assigned to weak CeH stretching (3028 cm1), weak C]
C stretching (1550e1650 cm1), and strong CeH bending
(966 cm1 for trans-double bond). In this spectrum, however,
an only CeH bending peak is detected at 974 cm1 because of
its weak existence. The copolymer composition of (PVA/Gel/
Carot) appears at the lower frequencies than the pure PVA/
pure carotene, suggesting that carotene molecules are inter-
digitated with PVA/gelatin copolymer.
3.3. TGA measurements
TGAwas performed to confirm the existence of initial scission
that occurs and the chemical crosslinking in samples. The
thermogravimetric curves obtained from room temperature
up to 600 C, heating rate 10 C/min in nitrogen flow for the
nonirradiated and irradiated PVA/gelatin/carotene samples
are given in Fig. 4 for comparisons. Fig. 5 shows that the
thermal degradation runs in two or three main stages based
on the rate of thermal decomposition peaks which indicates a
different degradation pathway according to the blends
composition and irradiation dose.
The TGA behavior of the unirradiated bands of PVA/Gel
and (PVA/Gel/Carot) when heated in nitrogen is divided into
two main stages based on the rate of thermal decomposition
peaks. At the first stage, the temperature is below 105e109 C
due to the vaporization of physically absorbed solvent to a loss
of 4e5% of its weight at a rate of 0.55 to 0.6%/min with DTG
peaks of 105 and 109 C. In the second stage, more rapid
weight loss is observed ranging between 37.4 and 50.6% of its
original weight at a rate of 3.22 to 5.6%/min with DTG peaks
of 318 and 332.6 C respectively. The marked loss of weight in
the second stage is attributed to the degradation reaction by
either of the side chain decomposition or the random chain
scission in the backbone. It is evident from the thermogramsthat unirradiated PVA is thermally stable up to 280 C while
the introduction of carotene to the composition reduces the
thermal stability to 220 C. The presence of volatile solvent for
carotene causes the initial minor weight loss at around
90e150 C. A clear distinction between the different stages of
the degradation process is evidenced in the DTG curves. A
summary of the important thermogravimetric characteristics
obtained from the thermograms is listed in Table 2.
The second stage of the irradiated of 50, 100 and 250 kGy
sample, the weight loss is observed to be 15.5, 46.2 and 14.7%
of its weight at rate of 1.76, 5.6 and 1.7%/min with a DTG
peak of 321.6, 322 and 319 C respectively. Increasing the dose
at the range 50e100 kGy leads to a random breaking of bonds,
thus degradation predominates. In the third stage of the
irradiated of 50, 100 and 250 kGy samples weight loss are
observed to be 4.9, 31.7 and 31.7% of its original weight at rate
of 2, 10.5 and 3.8%/min with a DTG peak of 499, 493.5 and
489 C respectively.
Table 2 e Thermogravimetric characteristics of
copolymer composition as functions of irradiation dose.
Samples Stage TOnset
(C)
TPeak
(C)
W, % M residue,
(%)
PVA/Gel, 0 kGy I 50 105.4 3.85 19.4
II 255 318 37.4
(PVA/Gel/Carot)
0 kGy I 40 108.7 4.8 28.2
II 278.9 332.6 50.6
50 kGy I 133 165.4 3.1 15.5
II 257 321.6 14.5
III 482 499 4.9
100 kGy I 137 154.6 7.8 13.3
II 278 322 46.2
III 480 493.5 31.7
250 kGy I 135.7 149 2 9.6
II 265.8 319 14.7
III 475.2 489 15.5
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behind at 600 C for unirradiated bands of PVA/Gel (PVA/Gel/
Carot), irradiated samples of 50, 100, 250 kGy were 19.4, 28.2,
15.5, 13.3 and 9.6 respectively. In the dose range 50e100 kGy,
the free radicals formed due to scission are chemically active
and can be used in some chemical reactions that lead to the
crosslinking mechanism. As for the higher dose (250 kGy),
chain scission started to dominate over crosslinking causing
lower thermal stability (Fawzy, El-Hag Ali, El-Maghraby, &
Radwan, 2011).
3.4. Electrical properties (direct current electrical
conductivity)
Direct current electrical conductivity (sDC) measurements
were carried out for the Gel/PVA composite films and Gel/PVA
composite films doped with carotene. The measurements of
sDC showed that the value of sDC for Gel/PVA composite film
changes with the ratio of PVA to gelatin. The conductivity
obtained at gelatin concentration of 100% (Gel/PVA) was
1.4  1009 U1 m1. By increasing the ratio of PVA the con-
ductivity of composite films decreased and the value of con-
ductivity for Gel/PVA 25% is 2.42  1010 U1 m1 PVA content
100% was 22.2  1010 U1 m1 Table 3 illustrates that the
conductivity decreases at all PVA contents about one order of
magnitude.
By adding carotene to Gel/PVA composite films the value of
sDC increased from two to three orders of magnitude and the
value of sDC was in the range 3.04  108 to
1.04  107 U1 m1. The value sDC of Gel/PVA 50% was
1.04  107 U1 m1.Table 3 e Electrical conductivity for Gel/PVA and Gel/PVA
doped with carotene.
Ratio of Gel/PVA (%) s (Gel/PVA)
(U1 m1)
s (Gel/PVA)
carotene (U1 m1)
0 1.4E09 3.04E08
25 2.42E10 2.93E08
50 1.49E09 1.04E07
75 3.24E10 1.12E07
100 2.22E10 2.17E07For macro molecules, such as polymers or carotene, the
amorphous region controls the electrical conductivity of these
molecules (Fawzy & Radwan, 2007). Carotenoids are excellent
conductors for electrons when compared with saturated hy-
drocarbons, facilitating measurements of the electrical prop-
erties of individual molecules in an insulating matrix
(Leatherman et al., 1998). Therefore, the doping of Gel/PVA
with carotene increases the value of sDC.
Fig. 6 shows that the value of sDC for Gel/PVA sample is
1.49 1009 U1m1. By adding carotene to Gel/PVA filmswith
different concentrations from 0.5 to 15 g/ml, the value of sDC is
about three orders of magnitude (6.541006 U1 m1) at a
sample concentration of 15 mg/ml (Table 4).
Table 4 illustrates that, gamma irradiation (from 10 to
100 kGy) of the PVA/Gel/Carot films resulted in a decrease in
the values of sDC compared with the unirradiated sample.
Gamma irradiation of (PVA/Gel/Carot) films leads to partial
scission of the main chain, removal of eOH groups and
formation of carbonyl and double bond groups. This helps
easy segmental motion and rearrangement of chains. The
decrease of sDC, due to the gamma irradiation, may be
attributed to the crosslinking process. The employment of
conjugated double bonds that exist with a large amount in
the carotene could reveal the consuming of carotene band
at 2922 and 2850 cm1 of which assigned to CH2 antisym-
metric and symmetric stretching modes of the hydrocarbon
chains, which is confirmed by the data obtained by FTIR
(Fig. 3).
Further increase of the irradiation dose to 250 kGy lead to a
slight recovery in the electrical conductivity. This increase
may result from the increase in the free charge carriers in
samples. Contribution of polymer chain scission is confirmed
by the data obtained by TGA Figs. 4 and 5. It is clear from these
figures that as the irradiation dose increases, chain scission
started to dominate over crosslinking. The whole process
helps increasing the chain mobility upon irradiation up to
250 kGy. The increase in both the number and the mobility of
the free carriers, in turn, increases the electrical conductivity
(Seguchi, Yagi, Ishikawa, & Sano, 2002).Fig. 6 e Electrical conductivity for Gel/PVA films as a
function of carotene concentration doped at (Gel/PVA) ratio
of 50:50.
Table 4 e Electrical conductivity for unirradiated and gamma irradiated sample of Gel/PVA doped with different
concentration of carotene.
Conc. (g/ml) sDC( U
1 m1)
0 kGy 10 kGy 50 kGy 100 kGy 250 kGy
0 1.49E09 1.21E09 1.19E09 1.09E09 8.50E10
0.5 1.38E08 2.32E09 1.19E09 4.81E10 5.12E10
2.5 1.67E08 1.07E08 3.09E09 8.51E10 2.21E09
5 5.84E08 2.76E07 2.26E08 3.25E08 3.34E08
10 9.89E07 1.27E06 1.55E07 1.43E06 1.38E07
15 6.54E06 6.55E07 1.02E07 1.21E07 1.03E07
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The electrical conductivity of poly (vinyl) alcohol/Gelatin/
carotene (PVA/Gel/Carot) films has been enhanced by about
two to three orders of magnitude due to carotene doping. The
conductivity of unirradiated (PVA/Gel) films was
1.49  109 U1 m1 by doping the polymer with carotene,
depending on the amount of carotene the conductivity in-
creases about 10e4398 times to reach 6.54  106 U1 m1,
which is in the semiconductor region.Dopingof (PVA/Gel)with
carotene plays the major role in the improvement of its elec-
trical performance. The effect of gamma irradiation on (PVA/
Gel/Carot) copolymer films has been investigated. The gamma
irradiation, up to 100 kGy, led to crosslinking reaction domi-
nation over chain scission causing an increase in the thermal
stability of thefilmsandadecrease in theDCconductivity (sDC)
of the copolymer films. For the higher dose (250 kGy), chain
scission started to dominate over crosslinking causing lower
thermal stability. These results indicate that the unirradiated
copolymer films or those irradiatedwith low dose up to 10 kGy
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